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Abstract Center-of-Mass c o r r e c t i o n s  t o  the mass s p e c t r u m  a n d  s t a t i c  
p r o p e r t i e s  o f  l o w- l y i n g  S-wave baryons a r e  discussed i n  the con tex t  o f  
a  r e l a t i v i s t i c ,  independent quark model, based on a  D i rac  equa t ion ,w i th  
an e q u a l l y  rnixed s c a l a r  and v e c t o r  c o n f i n i n g  p o t e n t i a l  o f  h a r m n i c t y p e .  
A  more s a t i s f a c t o r y  f i t t i n g  o f  the parameters invo lved  i s  obta ined,  as 
cornpared w i t h  p rev ious  t r e a t m e n t s  i n  w h i c h  C M  c o r r e c t i o n s  w e r e  
neglected.  

1. INTRODUCTION 

As a  dynarnical theory o f  s t rong  i n t e r a c t i o n s ,  Quantum Chromo- 

dynarnics has gained wide acceptance. I t  p rov ides  a  f i e l d  o f  t h e o r e t i c a l  

framework f o r  a  systemat ic  a n a l y s i s  o f  hadronic  phenomena basedonwhich 

a  cons iderab le  progress i n  t h e i r  understanding has been achieved. The 

q u a n t i t a t i v e  success o f  QCD i n  the  rea lm o f  very h i g h  mmentumtransfers 

i s  q u i t e  impress ive.  A  reason f o r  t h i s  sterns from the f a c t  t h a t  the  e f -  

f e c t i v e  coup l ing  cons tan t  (a,) i n  t h a t  r e g i o n  i s  small  and p e r t u r b a t i o n  

theory  can be a p p l i e d .  The same cannot be s a i d  about the hadron s t r u c -  

t u r e  problem a t  o r d i n a r y  rnass scales ( c i  r c a  1 GeV), where a  l a r g e  amount 

o f  data e x i s t s .  For t h i s  reason, i t  i 5  s t i l l  o f  i n t e r e s t  t o  study sim- 

p l e  and workable models which incorpora te  some fea tu res  i n s p i r e d  by QCD, 

such as asyrnptot ic freedorn and confinement. 

Among these, i n  the n o n - r e l a t i v i s t i c  domain, spec ia l  m e n t i o n  

must be made t o  the p ioneer ing  work o f  De Ru ju la ,Georg  i a n d  GI a s h o wl  

and t o  the  ex tens ive  a n a l y s i s  o f  I sgur  and ~ a r l ' .  

l n  the  r e l a t i v i s t i c  domain, the  o r i g i n a l  bag mode13 g i ves  us a  

p o s s i b l e  d e s c r i p t i o n  o f  hadrons as composite s y s t e r n s  o f  r e l a t i v i s t i c  

s p i n  1/2 D i r a c  quarks, enclosed i n  the i n t e r i o r  o f  a  c a v i t y  w i t h a s h a r p  

boundary . 
As an a l t e r n a t i v e  t o  the models o f  the  bag type, we have the 

r e l a t i v i s t i c  p o t e n t i a l  models4, i n  which the  idea o f  a  s h a r p  boundary 
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i s  abandoned i n  f a v o r  o f  a  Loren tz  s c a l a r  p o t e n t i a l  o f  the  c o n f i n i n g  

tYPe. 

Th is  i s  tantamount t o  conf inement because i t  c o r r e s p o n d s  t o  

a t t r i b u t i n g  an e f f e c t i v e  mass t o  the  D i r a c  c o n s t i t u e n t  quark which growc 

i n d e f i n i t e l y  f o r  i nc reas ing  d is tances .  

The p resen t  work i s  based on a  r e l a t i v i s t i c  p o t e n t i a l  model i n  

which the c o n s t i t u e n t  quarks obey a  D i r a c  equa t ion  i n  a  cen t ra1 ,con f in -  

i ng  p o t e n t i a l ,  which i s  a  m ix tu re ,  i n  equal p a r t s ,  o f  a  Loren tz  s c a l a r  

(s)  and a  Lorentz  v e c t o r  ( V ) .  

The D i r a c  equa t ion  w i t h  an e q u a l l y  mixed ?+V c o n f i n i n g  p o t e n -  

t i a 1  has severa1 i n t e r e s t i n g  p r o p e r t i e s :  ( i )  i t p r o v i d e s  a  r e l a t i v -  

i s t i c a l l y  c o n s i s t e n t  conf inement, i n  view o f  the absence o f  K l e i n  para- 

dox f o r  quarks o r  a n t i - q u a r k s 5 ;  ( i i )  i t  admits exact s o l u t i o n s  whenever 

the  corresponding ~ c h r g d i n ~ e r  equa t ion  i s  e x a c t l  y  so lvab le  f o r  the  same 

p t e n t i a 1 6 ;  ( i  i i )  the one-bndy s p i n - o r b i t  i n t e r a c t i o n  vanishes7;  ( i v )  i t 

r e a l  i zes  an exact  ~ ~ ( 2 1  s p i n  s y m e t r y ,  independent o f  the r a d i a l  depen- 

dente o f  the p o t e n t i a l  '; (v)  i t  admits an exact  Melosh t r a n s f o r ~ a t ~ o n ' ,  

( v i )  f o r  h i g h  energ ies,  i t  admi ts  l i n e a r  Regge t r a j e c t o r i e s  f o r  a  con- 

f i n i n g  l i n e a r  p o t e n t i a 1 5.  

An independent qual-k model based on the equal l y  mixed -+i' D i  rac  

equa t ion  has been app l ied ,  w i t h  a  reasonable degree o f  success, t o  the 

study o f  the p r o p e r t i e s  o f  the  l o w- l y i n g  S-wave baryons, p a r t i c u l a r l v  
" - 1 1  

t h e m a s s s p e c t r u r n g ' l O a n d s t a t i c b a r y o n i c p r o p e r t i ~ s  . T h e  descr ip -  

t i o n  o f  baryons as an independent quark model requi  res,  however, the iii- 

t r o d u c t  i o n  o f  center-of-mas5 (CM) c o r r e c t  ions i n  o r d e r  t o  remove, f row 

the t o t a l  s ing le- quark  energy, the spur ious energy o f  t i e  C W  n o t i o n  

These CM c o r r e c t i o n s  a r e  o f  importance n o t  o n l y  f o r  the  c a l c u l a t i o n  o f  

the  mass spectrum12 b u t  a l s o  f o r  t h e  s t a t  i c  p r o p e r t  i es  such as the a x i a l  

charge g the  rms r a d i u s  and magnetíc moment o f  the nucleon". 
A ' 
I n  t h i s  work, the  CM c o r r e c t i o n s  a re  worked o u t  f o l f o w i n g  the 

t reatment  o f  ~ o n g ' ' ,  who mahes use o f  an a p p r o p r i a t e  p r n  j e c t  i o n  p ro-  

cedure, known i n  nuc lear  phvs ics  as the generator  coord ina te  rnethod.The 

r a d i a l  dependence o f  the  S + V  p o t e n t i a l  w i l l  be taken t o  be harmonic. 

This  cho ice  o f  the c o n f i n i n g  p o t e n t i a l  has t h e  adt i  i t i o n a l  a d v a n t a g e  

t h a t  the  c a l c u l a t i o n s  may b r  performed a n a l y t i c a l l y .  



Revista Brasileira de Física. Vol. 16, no 4. 1986 

T h i s  paper i s  o rgan ized  as f o l l o w s :  i n  s e c t i o n  2 , t h e S + V r e l a -  

t i v i s t i c  model i s  b r i e f l y  discussed, toge ther  w i t h  the  express ions cif 

the s t a t i c  baryon ic  p r o p e r t i e s  d e r i v e d  f rom i t .  Sec t ion  3 i s  devoted t o  

the  c a l c u l a t  i o n  o f  t h e  mass spectrum f o r  the  S-wave ground state baryons. 

Th is  i s  done by c a l c u l a t i n g  the  one-gluon-exchange ( O G E )  energy con- 

t r i b u t i o n s ,  t o  f i r s t  o rder  i n  a f o l l o w i n g  t h e  l i n e s  o f  Amara1 arid 
C' 

z a g u r y l o .  I n  o r d e r  t o  make the  paper reasonably se l f - con ta ined ,  the g l u m  

exchange c o r r e c t i o n s  a r e  presented w i t h  some d e t a i l  f o r  the case o f  a  

harmonic p o t e n t i a l ,  a  case amenable t o  an exact ,  a n a l y t i c a l  treatment, 

as mentioned be fo re .  

Sec t ion  4 descr ibes t h e  c a l c u l a t i o n  o f  the  CM c o r r e c t i o n s .  The 

pararneter f i t t i n g  o f  the  mass spectrum and o f  the  main baryon ic  s t a t i c  

p r o p e r t i e s  i s  d iscussed i n  s e c t i o n  5 .  F i n a l l y ,  s e c t i o n  6 w i l l  bedevoted 

t o  t h e  main conclus ions.  

2. THE HARMONIC S+V MODEL 

The p resen t  m d e l ,  as a p p l i e d  t o  o r d i n a r y  hadrons i s  a  r e l a -  

t i v i s t i c ,  independent quark model whose main p r o p e r t i e s  a r e  , t h e  f o l -  

lowing9:  ( i )  baryons a r e  c o l o r  s i n g l e t s ;  ( i i )  the  SIJ(3) f l a v o u r  group 

i s  o n l y  broken by t a k i n g  the  mass o f  t h e  s t range  quark t o  be d i f f e r e r i t  

frorn t h a t  o f  the non-st range quarks; (i i i) quarks'  a r e  conf  ined, i n  a 

f i r s t  approx imat ion,  by a r e l a t i v i s t i c  S+V c o n f i n i n g  p o t e n t i a l  which, in  

the  center-of-mass system o f  t h e  hadron, takes the form o f  a  c e n t r a l  po- 

t e n t i a l  
1 

U ( r )  = 7 ( I+@)  V ( r )  ; (2.1) 

( i v )  t h e  mass spectrum ob ta ined  i s  c o r r e c t e d  by one-gluon exchange (OGE) 

among d i f f e r e n t  quarks i n s i d e  the  hadrons, c a l c u l a t e d  t o  f i r s t  o r d e r  i n  

a = g 2 / 4 ~  where g i s  the  quark-gluon coupl i n g  constant .  For  mathemat- C 

i c a l  s i m p l i c i t y ,  the  c o n f i n i n g  p o t e n t i a l  i s  taken here t o  be harmonic 

Then, each quark i n  the  hadron obeys the  D i rac  equa t ion  

1 C.'.; + 8. + < i + ~ > v i ~ > 3 r ( 3  = E+(;> . ( 2 . 3 )  
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The S-wave s o l u t  ions t o  t h i s  equa t ion  have the form 

where x i s  a  P a u l i  sp inor  and $ ( r )  i s  a  normal 

r a d i a l  equa t ion  

i zed  e i g e n f u n c t i o n  o f  the  

where i i s  the  q u a r k- f l a v o r  index. 

P u t t i n g  

R .  = - z and xi = E +  i 

the  f u n c t i o n s  $ ( r )  a r e  g iven  by 

3' 4 
1 r i  

exp ( -  -) . 
i7 

D e f i n i n g  

one has, f o r  normal i zed 9 ' s  

So, i t  i s  e a s i l y  seen t h a t  

Hence, the  n o r m a l i z a t i o n  constant  i n  eq.(2.4) i s  g iven  by 

For the S-wave quark energy we have 
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The s t a t i c  baryon ic  p r o p e r t i e s  i n  the  harmonic case have s imple 

forms : 

( i )  The a x i a l  charge gA o f  the  nucleon i s  

( i  i )  f o r  t h e  rms r a d i u s  o f  t h e  p r o t o n  we have 

( i i i )  and f o r  t h e  p 

(nem.) 

The subscr i  

o ton  magnetic moment, i n  u n i t s  o f  nuc lear  magnetons 

p t  zero on the  r .h .s .  o f  eqs.(2.11)-(2.13) i n d i c a t e s  

t h a t  i t  r e f e r s  t o  non-strange quarks. 

For the  hyperonic  6-decays, t h e  f o l l o w i n g  formula f o r  t h e a x i a l  

charge holds 

where g iU(6)  stands f o r  the wel I - k n w n  m a t r i x  element assoc ia ted  wi t h  

the c o r  respond i ng decay . 
One sees t h a t  the model has f i v e  f r e e  parameters: the  ground- 

- s t a t e  p o t e n t i a l  V o ,  Hook's s p r i n g  cons tan t  K, the  mass o f  t h e  non- 

-s t range  quark m,,(=mum ) , the s t range  quark mass rn and t h e  quark-  d S 

-g luon coupl i n g  cons tan t  a . 
C 

3. OGE CORRECTIONS TO THE MASS SPECTRUM 

We now d iscuss  the OGE c o r r e c t i o n s  t o  the  mass spectrum o f  the  

ground- state hadrons, i n  t h e  harmonic S+V model. 

Fo l low ing  c l o s e l y  r e f . ( l O ) ,  we take  i n t o  account the q u a r k s e l f  

-energy terms, which were neg lec ted  i n  p rev ious  t reatments3.  Th is  has 
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the  e f f e c t  o f  reducing cons iderab ly  the gluon - e l ~ c t r i c  c o n t r i b u t i o n  

g i v i n g  r i s e  t o  a  b e t t e r  f i t t i n g  o f  the baryon ic  p r o p e r t i e s .  

The OGE c o r r e c t i o n s  can be w r i t t e n  as a  surn o f  a  gZuon-eZec- 

t r i c  energy and a gluon-maqnetic energy 

where a denotes the  c o l o r  index and i , j  a r e  the  quark f l a v o r  i n d i c e s .  
-i 

The d e n s i t i e s  p and c u r r e n t s  j a r e  g iven  by 9 

a where g i s  t h e  quark-gluon coup l ing  constant  and A,. a r e  the Gel I-Mann 

mat r i ces  o f  the SU(J) c o l o r  group. 

Summing over  t h e  c o l o r  ind ices ,  the i n t e g r a l  express ions i n e g .  

(3.1) can be w r i  t t e n  as: 

where n i s  equal t o  1 f o r  baryons and 2 f o r  rnesons, and 

( i  i )  gluon-magnetic p a r t  
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where 

Per forming the  i n t e g r a t i o n s  i n  eqs. (3.4) and (3.6). we g e t  

the  f o l l o w i n g  express ions 

and 

Def i n i n g  

we can wr i t e  

I n  eqs. (3. IO), the  s u b s c r i p t  ze ro  i n d i c a t e s  a  quark u o r  d 

and t h e  s u b s c r i p t  s, a  s t range  quark. The c o e f f i c i e n t s  u ' s  and b ' s  

a r e  e a s i l y  evaluated f rom eq.(3.3) and eq.(3.5) f o r  t h e  d i f f e r e n t  

hadron s t a t e s  1 h>. The resu l  t s  a r e  conta ined i n  t a b l e  1, which a l s o  i n -  

c ludes t h e  ground-state meson c o e f f i c i e n t s ,  as a  complement t o  the  r e -  

s u l t s  o f  r e f . ( l O ) .  
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Table I - C o e f f i c i e n t s  appear ing i n  the ca lcu -  
l a t i o n  o f  the  rnagnetic and e l e c t r i c  O G E  en- 
e r g i e s ,  eqs. ( 3 .10 ) ,  f o r  baryons ( r e f .  10) and 

Wi th  the OGE c o r r e c t i o n s ,  the hadron masçes w i l l  be g iven  by 

where E. i s  the sum o f  the  s i n g l e - p a r t i c l e  energ ies and E l  i s  the t o t a l  

OGE c o r r e c t  ion.  
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4. THE CM CORRECTIONS 

Donoghue and ~ o h n s o n ' ~  p o i n t e d  o u t ,  i n  t h e i  r a n a l y s i s  o f  the CM 

c o r r e c t i o n s  t o  the  bag m d e l ,  t h a t  i n  an independent quark system the 

independent p a r t i c l e  s t a t e  i s  no t  d i r e c t l y  i d e n t i f i e d  w i t h  t h e  h a d r o n t o  

which i t corresponds, b u t  r a t h e r  w i  t h  a wave-packet o f  the  hadron momen- 

tum s t a t e s  i n  which the  C M  i s  n e i t h e r  a t  r e s t  nor  i n  u n i f o r m  rnotion b u t  

f l .uctuates about a mean p o s i t i o n .  A l though the  average v a l u e  o f  the  
+ -+ +2 

t o t a l  momentum P s a t i s f i e s  <P> = 0 ,  one has <P > f O.  For hadrons o f  

s u f f  i c i e n t l y  h i g h  masses mh t h i s  g ives  r i r e  t o  an energy d2>/2mh,which, 

be ing spur ious,  must be sub t rac ted  f rom the  hadron energy as c a l c u l a t e d  

i n  eq. (3.11) .  

T h i s  approach, known as the  wave-packet method, has been d i s -  

cussed by severa1 w o r k e r ~ ' ~ ~ ' ~ .  Here we f o l l o w  t h e  f o r m u l a t i o n  o f  the  

wave-packet rnethod as d iscussed by wong12, which corresponds t o  a par-  

t i c u l a r  instance o f  the generator  c o o r d i n a t e  method wel l known i n  nuclear 

phys ics14 .  
-+ 

Accord ing ly ,  a s i n g l e - p a r t i c l e  hadron s t a t e  w i t h  cen te r  a t  2 , 
l h G ) > ,  i s  expressed as 

+ 
where / h ( ~ ) >  a r e  momentum e igens ta tes  o f  the hadron h, n o r m a l  i z e d  as 

usual l y  

where 

2v+, f o r  mesons. 

.. - 
E F h g ,  f o r  barbons. 

whca = I 
+ 

The f u n c t  i o n  o(P), the  mmentum-prof i l e  o f  the wave-packet, i s  

e a s i l y  seen t o  be g iven  by 
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where 

-+ -+ - -+ 
I(P) = - 

i 1 <h(O) / h ( R >  (4.4) 
( 2 ~ )  

i s  the F o u r i e r  t ransform o f  the  H i  l I-Wheeler o v e r l a p  f u n c t i o n  < h ( ~ ) , h & .  

From eqs. (4.4) and (4.11, we g e t  f o r  the  expec ta t ion  va lue  o f  a  func- 
-+ 

t i o n  F ( P )  the  express ion 

l y i n g  t h i s  formal ism t o  the  harmonic ,?+V mode 

a  genera l  conf i g u r a t i o n  wi  t h  n c o n s t i  tuen ts  

1 ,  we have, f o r  

-+ 
where +(a)  i s  g i ven  by eq. (2.41, i n  the p resen t  r iodel.  

For c o n f i g u r a t i o n s  c o n t a i n i n g  s t range and non-strange quarks 

we have, f o r  the  H i l l -Whee le r  o v e r l a p  f u n c t i o n  

whe r e  

Here, no denotes the number o f  non-strange quarks i n  the hadron 

a n d n s  t h e n u m b e r o f  s t r a n g e q u a r k s ,  w i t h n o  + n  = 3  f o r  b a r y o n s .  

Mutatis mutandis, eq. (4 .8 )  i s v a l  i d  a l  so for.mesons (no  + ns = 2) . 
For the  CM c o r r e c t i o n s ,  we c a l c u l a t e d  eq.(4.5) w i t h  F(P) = P2 

and ob ta ined  
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I n  computing the CM c o r r e c t i o n s ,  we fo l lowed t h e  procedure gd- 

vocated by B a r t e l s k i  e t  a 2 l 3 ,  who have shown t h a t  t h e  a s s u m p t  i o n  

< f (s2 )>  = f(<52>), where 52 = $ 2 / ~ 2 ,  i s a b e t t e r  approxirnat ion than th,at 

corresponding t o  expanding i n  <$'>/M2. Hence, we took 

< p >  
ins tead  o f  E = M + - , so t h a t  f o r  the  CM-corrected masses, one has 

2M 

wi t h  <$'> g i v e n  by eq. (4 .10) .  

F i n a l l y ,  ou r  a n a l y s i s  o f  the CM c o r r e c t i o n s  t o  t h e  s t a t i c  

p r o p e r t  i e s  o f  the  g round- s ta te  baryons i s  based on the f o  l 1 ow i n g  ex- 

p ress ions13  

s t .  
where Q i s  the  baryon charge and M the  mass. The express ions f o r  gA 

(2.13), respec.- s t .  and p a r e  g i v e n  i n  eqs. (2.141, 

t i v e l y .  

(2.12) and 

5. NUMERICAL RESULTS 

We s h a l l  now d iscuss  the f i t t i n g  o f  t h e  f i v e  f r e e  p a r a m e t e r ! ;  

o f  t h e  model. The f i t t i n g  was made by t a k i n g  as i n p u t  the mass o f  tht? 

nucleon, A and R- ,  the a x i a l  charge o f  the  neu t ron  g (n )  and the rms 
A 

r a d i u s  o f  the  p ro ton  < r2>  . For t h i s ,  use was made o f  e q s .  ( 4 . 1 1 ) ,  
P 

(4.12-a) and (4.12-b) . The resu l  t s  ob ta ined  f o r  the  baryon rnasses a r e  
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d isp layed  i n  t a b l e  2, where the corresponding resu l  t s  o f  Amara1 and 

Z a g ~ r ~ ' ~ ,  w i t h o u t  CM c o r r e c t i o n s ,  a r e  a l s o  i n d i c a t e d  f o r  comparison. 

Table 2 - Masses ob ta ined  f o r  the l o w - l y i n g  Y -  
-wave baryons . ( i  n M ~ V )  . 

Baryons 

I NPUT 

INPUT 

1150 

1304 

INPUT 

I NPUT 

1 1  14.6 

I 141.8 

1292.5 

I NPUT 

1387.2 

1533.7 

INPUT 

Al though the  agreement between our  r e s L l t s  a n d t h e  e x p e r i ~ e n t a l  

va lues i s  very good f o r  the  cases o f  the A, I* and S*, our  f i t t i n g  i s  a  

l i t t l e w o r s e  than t h a t o f  r e f . ( l O )  f o r  t h e x a n d  3 p a r t i c l e s .  I f  we 

F i t t e d  

d e f i n e  a rnean-square d e v i a t i o n  by 

E ~ p e r i m e n t  j 

where N i s  the number o f  f i t t e d  rnasses, we get  for our  f i t t i n g  <&'..c, = 

= 25.7 MeV, t o  be cornpared w i t h  the v a l u e  23.8 MeV correspondinq t o  the 

f i t t i n g  o f  r e f . ( l O ) ,  w i t h o u t  C M  c o r r e c t í o n s .  

masses , f r e f . 1 5 )  i 

However, t h e  numer ica l  values o f  the p3rarneters found i n  our  

f i t t i n g  a r e  much m r e  p leasant :  i n  r e f .  ( i a ) ,  c iey  were: n? = 38 MeV, 
Li 

rn = 211 MeV, V ,  = 219 MeV, K =  8 . 1 0 ~  M ~ V ~  and L = 1.586. I n  the  pre-  
s - 

sent  f i t t i n g ,  we ob ta ined :  rn = 27.8 MeV, m = 229.1 MeV, L; = 110.3 MeV, 
2.4 8 

K = 2 1 . 4 . 1 0 ~  M ~ V ~  and n = O 82 
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These r e s u l t s  show t h a t  by i n c l u d i n g  the  CM c o r r e c t i o n ,  we ob- 

t a i n e d  a decrease i n  t h e  mass o f  t h e  u quark.  Besides, a  more s a t i s f a c -  

t o r y  va lue  f o r  the coupl  i ng  constant  a was obta ined.  
C 

By u s i n g  the sane parameters 

the CM-corrected mass spectrum o f  the  

the  p ion ,  we have found s e n s i b l e  resu 

a s  above, we have a l s o  c a l c u l a t e d  

S-wave mesons. Wi th  excep t ion  o f  

t s ,  which a r e  l i s t e d  i n  t a b l e  3 .  

Table 3 - Masses o f  the low- 1 y i ng  S-wave 
mesons, ob ta ined  w i t h  the  same p a r a m e t e r s  
o f  the  baryon ic  f i t t i n g .  ( i n  M ~ V ) .  

Mesons F i  t t e d  
masses 

Exper imen t 
( r e f  . l 5 )  

I n  t a b l e s  4 and 5, we l i s t  the r e s u l  t s  obta ined  f o r  the mag- 
* 

n e t i c  moments o f  t h e  o c t e t  baryons and f o r  the  a x i a l  vec to r  c o n s  t a n t s  

g,, o c c u r i n g  i n  the  6 decays o f  the  baryon ic  o c t e t ,  as c a l c u l a t e d  by 

eqs. (4.12-c) and (4.12-a) ,  r e s p e c t i v e l y .  

W e n o t e t h a t  i n  our  f i t t i n g  <r2> i s  an i n p u t  q u a n t i t y  whereas 
P 

the  p r o t o n  magnetic moment i s  p r e d i c t e d  t o  be equal t o  3.05 n.m., 
P 

which i s  9% h i g h e r  than t h e  e m p i r i c a l  va lue.  On the  o t h e r  hand, i n  the  

f i t t i n g  wi  t h o u t  CM c o r r e c t i ~ n s ' ~ ,  the p r o t o n  magnetic moment was taken 

as i n p u t  and a va lue  1.196 f m  was p r e d i c t e d  f o r  the  rms r a d i u s  
P 

o f  t h e  p ro ton ,  w h i l e  the  exper imenta l  v a l u e  i s  0 .877 fm. Besides, o u r  

magnetic moment r e s u l t s  show a mean-square d e v i a t i o n  o f  theexper imenta l  
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Table 4 - Magnetic Moments o f  t h e  oc ted  baryons i n  nu- 
c l e a r  magnetons (n.m.1. 

Baryons (Ref .  10) 

I NPUT 

-I .86 

-0.66 

2.70 

0.84 

- 1  .o2 

-1.50 

-0.57 

F i t t e d  
Experiment 

( r e f . 1 5 )  

( r e f  .16) 

-0.69 r 0 . 0 4  

( r e f .  17) 

va lues equal t o  0.23 n.m., which i s  s i m i l a r  o f  r e f .  (101, where <6b> = 

= 0.22 n.m. . 
We f i n a l l y  p o i n t  o u t  t h a t  o u r  f i t t i n g  d i  f f e r s  c o n s i d e r a b l y  

from t h a t  o f  B a r i k ,  Dash and   as", a l though  both papers r e f e r  t o  the  

harmonic S+V model and indeed make use o f  the  sane type o f  C M  c o r r e c -  

t i o n s .  One reason f o r  t h i s  i s  t h a t  those authors d i d  n o t  i n c l  u d e  t h e  

baryon ic  mass spectrum i n  t h e i r  a n a l y s i s .  F u r t h e r ,  t h e y  c o n s  i d e r e d  

t h e i r  model s imply  as a model o f  the  baryon ic  qt iark-core and no t  as a 

model o f  t h e  baryons p r o p e r l y .  As f a r  as a completemodel  o f  baryons 

has t o  i n c l u d e  the  c o n t r i b u t i o n  o f  a  p i o n i c  c loud ,  b o t h  f i t t i n g s  may be 

considered, i n  o u r  view, as independent i n d i c a t i o n s  o f  the  v i a b i l i t y  o f  

the harmonic S+Y model and o f  the  re levance o f  (:I+ c o r r e c t i o n s .  
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Table 5 - A x i a l  vec to r  constants  gA f o r  t h e  f3-decay o f  the  

o c t e t  baryons. 

F i  t t e d  gA 

I NPUT 

0.801 

-0.265 

0.174 

I .  304 

1.304 

Experiment 

( r e f .  15) 

6. CONCLUSIONS 

The harmonic S+V r e l a t i v i s t i c  quark model i s  charac te r i zed ,  i n  

i t s  o r i g i n a l  form, by a number o f  i n t e r e s t i n g  p r o p e r t i e s  and by a g r e a t  

mathemat i c a l  simpl i c i  t y .  As an independent quark model , however, i t re-  

q u i r e s  the  remedy o f  the  c e n t e r - o f - m a s ~  c o r r e c t i o n s .  We have shown that ,  

as f a r  as the  mass spectrum and the  s t a t i c  p r o p e r t i e s  o f  the  g r o u n d -  

- s t a t e  baryons a r e  concerned, t h i s  can be done i n  a s a t i s f a c t o r y  way by 

app ly  i n g  t h e  method o f  r e f s .  (12) and (13) .  

Our f i t t i n g  o f  the  baryon ic  spectrum corresponds t o  an average 

accuracy <6M> = 25.7 MeV, which i s  o n l y  s l i g h t l y  worse than t h a t w i t h o u t  

CM c o r r e c t i o n s  (23.8 M ~ v ) .  However, i t  y i e l d s  a more s a t i s f a c t o r y  s e t  

o f  parameters, showing a wel come decrease o f  t h e  coupl i ng  cons tan t  txc 

and a l s o  o f  the  non- st range quark-mass. 

I t  would be wor thwh i le  t o  extend t h e  p resen t  a n a l y s i s  t o  i n -  

c lude,  f o r  i ns tance ,  t h e  f i r s t  r a d i a l  l y  e x c i  t e d  p o s i  t i v e  p a r i  t y  

baryonsl'. 

An impor tant  ex tens ion  o f  the  model i s  concerned w i t h  t h e  iri- 

t r o d u c t i o n  o f  a  p i o n i c  c loud  surrounding a quark- core,  a  re levar i t  
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f e a t u r e  i n s p i r e d  by QCD. Never the less,  the  c o n t r i b u t i o n  o f  t h e  p i o n  

c loud  m d i f i e s  the  model s u b s t a n t i a l l y  and r e q u i r e s  a d e t a i l e d  and sep- 

a r a t e  t rea tment .  A p r e l i m i n a r y  account o f  t h i s  ex tens ion ,  however,seerns 

t o  i n d i c a t e  promiss ing r e s u l t s Z 0 .  
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Resumo 

Neste t r a b a l h o  são d i s c u t i d a s  as correções de centro-de-  massa 
para o  espec t ro  de massas e  propr iedades e s t á t i c a s  dos bár ions  de este-  
dos fundamentais em ondas-S, no con tex to  de um modelo r e l a t Í v i s t i c o  a  
quarks independentes, baseado em uma equação de D i r a c  com um p o t e n c i a l  
c o n f i n a n t e  do t i p o  harmônico e com p a r t e s  e s c a l a r  e  v e t o r i a l  igualmente 
misturadas.  Obtém-se um a j u s t e  mais s a t i s f a t ó r i o  dos parâmetros envolvi-  
dos do que em t ratamentos a n t e r i o r e s  nos qua is  as correções de cen t ro -  
-de-massa não foram ap l i cadas .  


